. The modified electrodes were measured in the dark. The first scan is depicted as a red line. The second, third and fourth scans are depicted as grey lines, and the fifth scan is depicted as a blue line. . The modified electrodes were measured in the dark. The first scan is depicted as a red line. The second, third and fourth scans are depicted as grey lines, and the fifth scan is depicted as a blue line. Figure S3 . Comparison of proton reduction activity between ORR Au|mixed SAM|Cu (blue lines) and an unmodified gold electrode (red lines) to validate the intactness of the modification of modified electrode ORR Au|mixed SAM|Cu after ORR catalysis. Cyclic voltammograms were recorded in 100 mM pH 7 HEPES in 75 mM Na2SO4 electrolyte under an inert atmosphere at a scan rate of 100 mV s −1 . The total area of all species in the N 1s region, the total area of all species in the S 2p region with a BE between 159 and 166 eV, and the area of the Cu 2p3/2 signal at BE = 932.4 or 932.1 eV were used to determine the ratios. b Average of two measurements (see Table S2 for the ratios of both measured spots of the sample).
Proton reduction test after ORR

XPS analysis of electrode sample
XPS analysis of S 2p region of HEPES and Na2SO4
Figure S5. S 2p region of the XPS spectra (black lines) of modified electrodes CV Au|mixed SAM|Cu and EDTA Au|mixed SAM|Cu, and reference compounds HEPES and Na2SO4. The deconvolution is depicted in grey. As shown, the additional signal observed for CV Au|mixed SAM|Cu does not coincide with either HEPES or Na2SO4. The corresponding species was, however, completely removed by the EDTA wash.
Quantitative XPS results
To specify how the average elemental ratios of the quantitative XPS measurements were obtained, the N:Cu and S:Cu ratios of each sample spot measured for modified electrodes EDTA Au|mixed SAM|Cu, ORR Au|mixed SAM|Cu and Au|Cu|mixed SAM are listed in Table  S2 . As shown, the ratios measured at different spots of the same sample can deviate up to 0.68 for N:Cu and up to 0.99 for S:Cu. This indicates that the modification on the surface of the gold electrode is not uniformly distributed. The changes in ratios along the electrode surface might be explained by possible formation of bridging copper ions between some ligands in addition to the two coordinated copper ions per ligand. a The total area of all species in the N 1s region, the total area of all species in the S 2p region with a BE between 159 and 166 eV, and the area of the Cu 2p3/2 signal at BE = 932.1 eV were used to determine the ratios.
6. Raw XANES spectrum of modified electrode EDTA Au|mixed SAM|Cu Figure S6 . XANES region of the measured Cu K-edge XAS spectrum of EDTA Au|mixed SAM|Cu (grey line) and the smoothed fit (black line). Athena software was used to process the obtained spectrum with a normalization order of 2 and the Boxcar average smoothening with a kernel size of 7. . XANES region of the Cu K-edge XAS spectra of thirteen reference Cu I complexes (complexes 2−14 in Figure S8 ). of which the reported XANES data were used as references during this study ( Figure S7) . 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The exact structures of complexes 13 and 14 were not identified. John Wiley and Sons. The data was extracted using ScanIt. 7 The shown spectrum of EDTA Au|mixed SAM|Cu is a smoothed fit of the raw data ( Figure S6 ). Figure S10 . SEM images, quantitative elemental mapping (a, c and e) and EDX spectra (b, d and f) of modified electrode EDTA Au|mixed SAM|Cu. Scale bars are 5 µm in a, 500 nm in c and 100 nm in e. The elemental mapping of the SEM image at 100 nm was not available due to a deficiency in the amount of counts, which was the result of a higher dead time of 85%. 
SEM images and EDX spectra
XRD analysis
To investigate whether or not an accumulation of crystalline copper material was present on the surface of the modified electrode, modified electrode sample EDTA Au|mixed SAM|Cu and an unmodified disposable gold electrode were analyzed by X-ray diffraction (XRD). To be able to fit the samples in the sample holder, the disposable electrodes were cut into smaller sizes ( Figure S12 ). Modified electrode sample EDTA Au|mixed SAM|Cu was cut under an inert atmosphere inside a glovebox and transported to the diffractometer in the dark. Both samples showed one distinct diffraction peak in the 2θ range of 10 -100° at 38.3° ( Figure  S13 ). This peak corresponds to the (111) plane of the face-centered cubic lattice of metallic gold. 21 Three low peaks were observed at 43.6°, 44.5° and 81.8°, of which the two former correspond to the sample holder and the latter corresponds to the (222) plane of the facecentered cubic lattice of metallic gold. 21 For the unmodified gold electrode, three additional low peaks were observed at 26.7°, 34.5° and 50.7°. The former can be attributed to the quartz component of the disposable electrode 22 , whereas the latter two could not be attributed to any of the components of the disposable electrode itself. 23 The observed count intensities were corrected for the surface areas of both samples ( Figure S12 ). The lower count density of the Au(111) signal of EDTA Au|mixed SAM|Cu compared to the Au(111) signal of the unmodified electrode therefore confirms that something is present on the surface of the modified electrode. Since no additional signals appeared on XRD for the modified electrode sample compared to the unmodified electrode it can be concluded that there was no accumulation of crystalline Cu material present on the surface of the modified electrode. 
XPS analysis of electrode sample
NoCV|EDTA
Au|mixed SAM|Cu
To understand whether the electrochemical reduction of the Cu II precursor was required for formation of the stable Cu I species upon anchoring, another modified electrode sample was prepared for XPS analysis. In this sample, the Cu ions were introduced by immersion in a Cu(OTf)2 solution without applying a potential. Initially, the heteromolecular SAM was anchored to the surface of a disposable gold electrode by immersion of the electrode in a 2 mM solution of 5 and 1-butanethiol in a 1:1 ratio in ethanol under a N2 atmosphere for 19 hours. Subsequent 5 second dips in ethanol and Milli-Q water in the dark ensured removal of any unanchored hydrophobic thiol compound and of the ethanol droplet which was left behind during the ethanol wash, respectively. Consecutive immersion of the modified electrode in a 0.3 mM Cu(OTf)2 solution in 100 mM pH 7 HEPES buffer under an Ar atmosphere for 70 seconds (duration of copper introduction by cyclic voltammetry) was followed by a 5 second dip in Milli-Q water in the dark to ensure removal of any unachored species. To ensure removal of all noncoordinated excess copper species after the introduction of copper, the modified electrode was immersed into a 10 mM solution of the chelating agent disodium ethylenediaminetetraacetate dihydrate (EDTA) in Milli-Q water for 30 minutes. Removal of any unanchored species was performed by a subsequent 5 second dip in Milli-Q water in the dark and afforded modified WE NoCV|EDTA Au|mixed SAM|Cu. a The total area of all species in the N 1s region, the total area of all species in the S 2p region with a BE between 159 and 166 eV, and the area of the Cu 2p3/2 signal at BE = 932.1 eV were used to determine the ratios. b Average of two measurements (see Table S2 for the ratios of both measured spots of the sample).
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